INTRODUCTION
============

The growing application of computed tomography (CT) in clinical practice has raised concerns about the increasing incidence of cancer from radiation exposure. Therefore, how to reduce the radiation dose without compromising diagnostic imaging quality has received a great deal of attention ([@B1][@B2][@B3][@B4]). Low dose CT scans have been mainly used for chest organs, which exhibit high physical contrast. Radiation dose is directly proportional to the square of the tube voltage ([@B5]); therefore, decreasing tube voltage more effectively reduces the radiation dose but inevitably increases the noise level. Thus, the innate limitation of the traditional filtered back projection (FBP) reconstruction algorithm hinders further reducing the radiation dose. Low tube-voltage scanning ([@B6][@B7]) has been used increasingly in clinical practice with the merging of iterative reconstruction techniques and automatic tube current modulation technology. The iterative image reconstruction algorithm significantly reduces noise ([@B8][@B9][@B10][@B11][@B12][@B13]) and improves image quality. Abdominal and pelvic CT scans used to diagnose and treat diseases often require contrast enhancement using large range and multi-phase scans, which increase the radiation dose. Moreover, the female pelvic area contains reproductive organs that are particularly sensitive to radiation. Therefore, reducing the scan dose is particularly desirable. Most low-dose studies have focused on the abdominal area ([@B7][@B11][@B14][@B15]), and only a few studies have investigated the lower abdominal and pelvic areas. In this study, we used a lower tube-voltage pelvic scan combined with automatic tube current modulation and iterative reconstruction to explore the feasibility of a low-dose scan protocol to achieve acceptable diagnostic image quality on female pelvic scans.

MATERIALS AND METHODS
=====================

Patient Information
-------------------

A total of 101 patients who underwent contrast-enhanced gynecological abdominal/pelvic CT scan in outpatient and inpatient centers from February 2014 to August 2014 were recruited. These patients were Chinese-Han ethnicity from different domestic areas. Twenty-eight patients underwent hysterectomy and oophorectomy due to benign or malignant tumors; 19 patients were diagnosed with endometrial lesions; 28 patients were diagnosed with cervical lesions; 22 patients were diagnosed with adnexal tumors, and the other four patients were diagnosed with uterine malformations (two cases) and abdominal pain (two cases). The patients were 20-78 years old and were divided randomly into study and control groups according to evaluation date. Patients seen on the first day were designated the study group and patients seen the following day were designated as the control group. The group designation was alternated each day thereafter. All enrolled patients were adults, conscious, able to understand instructions, had no serious liver or kidney damage, and were not allergic to the contrast agent. Exclusion criteria included patients with a history of allergies, kidney dysfunction, and those \< 18 years old. Five patients were excluded due to renal dysfunction or allergy to the contrast agent and two patients were excluded due to contrast extravasation during the injection process. Ninety-four cases were finally included in this study (n = 47/group). Height, weight, and body mass index (BMI) were recorded for both groups. All patients signed informed consent before enrollment in this study. This study was approved by the hospital ethics committee.

CT Data Acquisition and Image Reconstruction
--------------------------------------------

Scans were performed using a 64-row multidetector CT scanner (Discovery CT 750 HD, General Electric Corp., Milwaukee, WI, USA). All patients underwent conventional abdominal and pelvic scans in the supine position with a scan range from the top of the diaphragm to the inferior margin of the pubic symphysis. All scans were performed with a single breath-hold to minimize motion and misregistration artifacts. Automatic tube current modulation technology was applied, and the milliamperage range was adjusted to 50-600 mAs. The parameters used in the study group were: tube-voltage, 100 kVp; noise index (NI) = 15; image reconstruction with 30%, 50%, 70%, and 90% adaptive statistical iterative reconstruction (ASIR) (four image sets for each patient). The parameters used in the control group were: tube-voltage 120 kVp; NI = 11; image reconstruction with 30% ASIR (one image set for each patient). Other scanning parameters were applied as follows: gantry rotation time, 0.8 seconds; pitch, 0.984; collimation, 0.625 × 64 mm; reconstruction slice thickness, 5 mm. Ioversol (Jiangsu Hengrui Medicine, Co., Jiangsu, China) (320 mgI/mL, 100 mL) was injected with a high-pressure syringe via a peripheral vein at a flow rate of 3 mL/s. The bolus-tracking technique was used to monitor the scans. The arterial phase scan was started 10 seconds after the contrast enhancement threshold (150 Hounsfield units \[HU\]) was reached within the region of interest (ROI; lumen of the abdominal aorta at the level of the renal hilus). The venal phase scan was started 40 seconds after completing the arterial phase scan.

Image Quality Evaluation
------------------------

All CT image data were viewed and evaluated using a GE ADW4.6 workstation with unified window width and window level (window width, 400 HU; window level, 40 HU). All images from the two groups ([Fig. 1](#F1){ref-type="fig"}) were evaluated randomly. The related imaging information in the display tools of workstation user interface remained anonymous. The CT value and the standard deviation (SD, interpreted as noise level) of the bladder were measured during the unenhanced bladder scan. The CT values and the SD of the iliac muscle, obturator muscle, abdominal fat tissue, and the uterus were measured during the venal phase. These measurements were performed at the homogeneous and maximum area levels of the bladder, iliac muscle, and the uterine and obturator muscles ([Fig. 2](#F2){ref-type="fig"}). The contrast to noise ratio (CNR) was calculated as: CNR = (tissue CT value - CT value of the abdominal subcutaneous fat tissue at the same level) / fat noise. The CT value ROI was 50-200 mm^2^ (bladder, 190-200; iliac muscle, obturator muscle, and fat, 50-70; and uterus, 60-80 mm^2^). Three independent measurements were performed and averaged for each parameter. The location and size of the measurements were identical for all patients.

The CT images were subjectively scored by two experienced radiologists who were blinded to the reconstruction algorithms using recommended CT image quality standards described in previous studies ([@B16][@B17]) and recommended by the European guidelines ([@B18]). Image quality was assessed on a 5-point scale: 1 point, unqualified, did not meet the diagnostic requirements; 2 points, poor, did not meet the diagnostic requirements; 3 points, acceptable, met the diagnostic requirements; 4 points, good, met the diagnostic requirements; 5 points, excellent, met the diagnostic requirements. Images scored ≥ 3 points were considered clinically acceptable. The specific evaluation criteria were: 1) Subjective image noise was assessed on a 5-point scale: 1, minimal; 2, less than average; 3, average; 4, above average; and 5, unacceptable. 2) Artifacts were graded on a 4-point scale: 1, no artifacts; 2, minor artifacts not interfering with diagnostic decision making; 3, major artifacts affecting visualization of major structures, diagnosis still possible; and 4, artifacts affecting diagnostic information. The types of artifacts were: helical artifacts; streak artifacts caused by metals; beam-hardening artifacts caused by the arms being at the side of body or large body size; truncation artifacts due to large body size or off-centering; and ASIR artifacts (blocky pixelated appearance or over-smooth appearance). 3) Visibility of small structures (i.e., small lymph nodes near the uterus, small blood vessels, etc.) was ranked on a 5-point scale: 1, excellent; 2, above average; 3, acceptable; 4, suboptimal; and 5, unacceptable. 4) Overall diagnostic confidence was assessed and ranked using a 4-point scale: 1, completely confident; 2, probably confident; 3, confident only for a limited clinical situation; and 4, nondiagnostic examination.

The radiologists also made diagnoses while they were evaluating the images. The two radiologists summarized their results and gave a final diagnosis after the subjective scoring. If there were disagreements between the two readers, a third radiologist adjudicated the disagreement. Diagnostic accuracy (number of patients with accurate diagnosis/total number of patients) was calculated. The diagnostic standard was referred to the patient\'s pathology and medical history.

Statistical Analysis
--------------------

The statistical analysis was performed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA). Data are expressed as mean ± standard deviation. One-way analysis of variance and the Bonferroni correction were used to analyze different tissues noise levels and CNR. The independent sample *t* test was used to compare basic information (height, weight, and BMI) of patients. Diagnostic accuracy of the two groups was compared with the chi-square test. The Kruskal-Wallis test was used to analyze differences in the subjective scores. The linear-weighted Kappa test was used to measure consistency of the subjective scores between the observers. Interobserver agreement based on the k values was classified as: ≥ 0.8, almost perfect agreement; 0.61-0.8, good consistency; 0.41-0.6, moderate consistency; 0.21-0.4, fair agreement; and \< 0.2, inconsistent.

RESULTS
=======

Radiation Dose
--------------

No significant differences were observed in height, age, weight, or BMI between the two patient groups (*p* = 0.271-0.911) ([Table 1](#T1){ref-type="table"}), indicating the comparability of the data. A 44.7% decrease in the CT dose index volume (CTDIvol) value was observed in the study group (8.18 ± 3.58 mGy), compared to that in the control group (14.78 ± 6.15 mGy).

Image Quality
-------------

The CT values and the noise levels of the bladder, uterine, iliac, and obturator muscles, as well as abdominal fat were measured, and the CNRs were calculated ([Table 2](#T2){ref-type="table"}). Fifteen patients in the study group underwent a hysterectomy; therefore, 32 uterine measurements were made in the study group. Thirteen patients in the control group underwent a hysterectomy, and two were excluded due to interference by a intrauterine device; therefore, 32 uterine measurements were made in the control group. Noise levels in different tissues decreased and the CNR increased in proportion with the increase in ASIR in the study group ([Figs. 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). The differences were statistically significant. The tissue noise level in the 70% ASIR study group was similar to that in the control group (*p* = 1.000); however, the tissue noise levels in the other ASIR groups were significantly different from that in the control group. The CNR values of the 50% and 70% ASIR groups in the study group were similar to that in the control group (iliac muscle, *p* = 0.136-0.928; bladder, *p* = 0.210-0.961; obturator muscle, *p* = 0.068-0.102; uterus, *p* = 0.114-1.000). The CNR value in the control group was between that in the 50% ASIR and 70% ASIR groups. Therefore, the noise level of the 70% ASIR group was equivalent to that of the control group, but the CNR was better in the 70% ASIR group.

The subjective image quality score results ([Table 3](#T3){ref-type="table"}) indicated that all images reached the clinical diagnostic requirement and the image quality scores were ≥ 3 points. The 70% ASIR study group had the highest score, which was similar to that in the control group (4.53 vs. 4.57; *p* = 0.572). The 50% ASIR and 90% ASIR groups had similar scores (*p* = 0.302). The image quality score was significantly lower in the 30% ASIR group than those in the other groups (*p* \< 0.001). Image noise scores decreased in proportion to the increase in the percentage ASIR. No statistical difference was observed between the 70% ASIR and control groups, whereas the other groups were significantly different. The diagnostic confidence scores were similar between the study and control groups (1.26-1.34 points, *p* = 0.193-0.840). No significant differences in the visibility scores for the small structures were observed between the 50% ASIR, 70% ASIR, and control groups (*p* = 0.047-0.651). No significant difference was observed between the 30% ASIR and 90% ASIR groups. The 70% ASIR group had nine patients (19.1%) and the 90% ASIR group had 30 patients (63.8%) who showed an over-smooth or blotchy pixilated appearance in the image artifact score evaluation. The image artifacts score was significantly higher in the 90% ASIR group than those in the other groups (*p* \< 0.001), but no other differences were detected in the other groups. No significant difference in diagnostic accuracy was detected between the study group (42/47) and the control group (43/47) (*p* = 1.000). Diagnostic accuracy (42/47) was equal among the 30% ASIR, 50% ASIR, 70% ASIR, and 90% ASIR groups in the study group.

The scores between the two observers were consistent (kappa = 0.515-0.775).

DISCUSSION
==========

The International Commission on Radiation Protection has suggested that CT scans must follow the As Low As Reasonably Achievable principle of optimization. CT scanning protocols should keep the radiation dose at the lowest achievable level while satisfying the clinical CT image quality diagnostic requirements. Our results showed a 44.7% radiation dose reduction in the study group (8.18 mGy), compared with that in the control group (14.78 mGy). The comparisons of objective noise, CNR, and the subjective evaluation between the ASIR groups and the control group indicated that the image quality of 70% ASIR group was similar to that of the control group (*p* = 0.068-1.000). We applied automatic current modulation technology during our low-dose CT scans to prevent increases in the radiation dose by increasing the default NI to control tube current and to prevent an excess increase in the tube current caused by a drop in tube voltage ([@B15]). Image contrast increased during enhanced scanning using iodine-containing contrast agent when tube voltage was decreased from the conventional 120 kVp to 100 kVp. The CT attenuation value of the iodine contrast agent significantly increased ([@B19][@B20]) and the CT values of the enhanced tissue improved. We applied high proportion ASIR (70% ASIR) to reduce the noise level and ensure adequate image quality to meet clinical requirements. The control group used 120 kVp and 30% ASIR, which are routine in our department, so the control group radiation dose was lower than that of other studies using the conventional FBP reconstruction algorithm (14.78 mGy vs. 19.5-20.79 mGy) ([@B21][@B22]); therefore, the reduced radiation dose in our study groups was higher than 44.7%, when compared with the dose of other studies using the conventional FBP reconstruction algorithm. Sagara et al. ([@B15]) showed that applying the ASIR algorithm decreased the radiation dose by 23-66% in 53 patients who underwent enhanced abdominal CT scans. Gervaise et al. ([@B21]) reported that using adaptive iterative dose reduction three-dimensional decreased the radiation dose 49.5% on abdominal and pelvic scans, compared with that of the FBP image reconstruction algorithm. However, the reductions in radiation dose may not be comparable between studies, as different research groups use different scanning parameters and iterative reconstruction types.

Iterative reconstruction is the mainstream method for image reconstruction. Previous studies applied 20-40% ASIR for abdominal CT scans ([@B11][@B15][@B23][@B24][@B25]). It is generally assumed that a high proportion of ASIR results in a blotchy pixilated or over-smoothing appearance of images ([@B24][@B26][@B27]). However, the ASIR proportion needs to be increased to meet the clinical diagnostic image quality requirements for low-dose scans ([@B13][@B24]). Singh et al. ([@B24]) compared abdominal CT images of 22 patients and found that when mA was decreased to 50 (120 kVp), the ASIR proportion must be increased to 70% to obtain clinically acceptable image quality. However, four of the 22 images (18.2%) showed an obvious blotchy pixilated appearance with 70% ASIR. In our study group, nine of the 47 images (19.1%) showed an obvious blotchy pixilated or over smooth appearance in the 70% ASIR group; however, it did not interfere with the diagnostic accuracy. The blotchy pixilated or over smooth appearance became more obvious (30/47 images, 63.8%) when the ASIR proportion was increased to 90%, and the subjective scores and diagnostic confidence of the images declined.

Our study had several limitations. The majority of the patients had medium BMIs and only 9.6% of the patients were obese, which may have been due to the small sample size and the Asian ethnicity of the patients. We will increase our sample size in our future study.

We only recruited female patients who underwent contrast-enhanced scans for postoperative follow-up of benign and malignant tumors or for a comprehensive preoperative assessment. The scan range included the upper abdomen; therefore, the CTDIvol represented both the abdominal and pelvic dose. In this case, the pelvic radiation dose assessment may not have been accurate. We found that the mA used for the abdominal scan was significantly lower than the mA used for the pelvic scan, suggesting that the radiation dose to the pelvis could have been higher than measured. Because the patients in the two groups were different, we only evaluated the diagnostic confidence for lesions and compared overall diagnostic accuracy, but we did not evaluate lesion details. In addition, further reducing tube voltage would produce more noise, so we chose a relatively conservative condition (100 kVp). Some studies have indicated that 80 kVp can be used for abdominal scans ([@B20][@B23][@B28]). Thus, we will further decrease tube voltage in our future study.

In summary, our findings suggest that lowering tube voltage to 100 kVp and using higher ASIR levels than typically reported can provide acceptable diagnostic imaging quality when imaging the female pelvis using enhanced CT.

![Images reconstructed with different proportions of ASIR and kVp.\
**A-E** are reconstructed images using 30% ASIR (100 kVp), 50% ASIR (100 kVp), 70% ASIR (100 kVp), 90% ASIR (100 kVp), and 30% ASIR (120 kVp), respectively. Image scores for these five sets of images were \> 3 points. Noise level in **D** was lower than that in **A**. Noise level in **E** was similar to those in **C** and **D**. **A-D** were from same patient with BMI of 23.2 kg/m^2^ and CTDIvol of 6.35 mGy. **E** was from another patient with BMI of 22.8 kg/m^2^ and CTDIvol of 13.3 mGy. ASIR = adaptive statistical iterative reconstruction, BMI = body mass index, CTDIvol = computed tomography dose index volume](kjr-16-1047-g001){#F1}

![Locations of ROIs in different tissues.\
**A.** Image shows locations of ROI in bladder. **B.** Image shows locations of ROIs in iliac and fat. **C.** Image shows locations of ROI in uterine. **D.** Image shows locations of ROI in obturator muscles. ROI = region of interest](kjr-16-1047-g002){#F2}

![Noise level at different ASIR proportions and over smooth appearance on 70% and 90% ASIR images.\
**A-D** are 30-90% ASIR images from same patient. Noise level decreased in proportion to increases in ASIR. **C** and **D** show over smooth appearance. ASIR = adaptive statistical iterative reconstruction](kjr-16-1047-g003){#F3}

![Noise level at different ASIR proportions; over smooth appearance on 90% ASIR image.\
**A-D** are 30-90% ASIR images from same patient. Noise level decreased in proportion to increases in ASIR. **D** shows over smooth appearance. ASIR = adaptive statistical iterative reconstruction](kjr-16-1047-g004){#F4}

###### Basic Information and Scanning Dose from Study Groups and Control Group

![](kjr-16-1047-i001)

  Groups (Patient Number)   Age (yr)              Height (cm)             Weight (kg)            BMI (kg/m^2^)                CTDIvol (mGy)
  ------------------------- --------------------- ----------------------- ---------------------- ---------------------------- ---------------------------
  Control group (47)        51.2 ± 11.6 (20/71)   159.6 ± 5.7 (150/170)   60.45 ± 9.71 (41/80)   23.64 ± 2.65 (19.53/29.38)   14.78 ± 6.15 (6.41/29.58)
  Study group (47)          50.3 ± 10.3 (21/28)   160.8 ± 5.3 (145/173)   61.3 ± 8.8 (45/80)     23.71 ± 3.40 (18.01/30.68)   8.18 ± 3.58 (4.04/18.25)
  *P* value                 0.749                 0.271                   0.665                  0.911                        0.000

BMI = body mass index, CTDIvol = computed tomography dose index volume

###### Noise Level and CNR of Bladder, Uterus, Iliac Muscle, and Internal Obturator Muscle and Fat Noise of Same Level of Different Tissue from Study Groups and Control Group

![](kjr-16-1047-i002)

  Tissues            100 kVp 30% ASIR   100 kVp 50% ASIR   100 kVp 70% ASIR   100 kVp 90% ASIR   120 kVp 30% ASIR
  ------------------ ------------------ ------------------ ------------------ ------------------ ------------------
  Bladder                                                                                        
   SD                13.37 ± 1.58       11.24 ± 1.32       9.82 ± 1.21        8.58 ± 1.14        9.83 ± 1.22
   CNR               12.81 ± 1.59       14.78 ± 1.96       16.96 ± 2.41       18.60 ± 3.26       16.07 ± 2.48
  Fat                                                                                            
   SD                10.29 ± 0.96       8.92 ± 0.83        7.79 ± 0.79        7.19 ± 1.01        7.79 ± 1.04
  Iliac muscle                                                                                   
   SD                15.01 ± 2.08       13.06 ± 1.74       11.43 ± 1.55       9.88 ± 1.43        11.09 ± 1.46
   CNR               20.15 ± 2.80       23.02 ± 3.26       26.37 ± 3.94       30.55 ± 4.74       24.38 ± 4.37
  Fat                                                                                            
   SD                10.41 ± 1.32       9.12 ± 1.20        7.98 ± 1.10        6.89 ± 0.93        7.86 ± 1.20
  Uterus                                                                                         
   SD                15.62 ± 2.00       13.54 ± 1.63       11.84 ± 1.46       10.26 ± 1.19       11.84 ± 1.82
   CNR               22.86 ± 3.71       26.32 ± 3.89       29.89 ± 4.61       34.50 ± 5.80       27.02 ± 5.27
  Fat                                                                                            
   SD                10.80 ± 1.67       9.34 ± 1.34        8.25 ± 1.28        7.18 ± 1.26        8.29 ± 1.41
  Obturator muscle                                                                               
   SD                14.74 ± 2.24       12.95 ± 1.97       11.45 ± 1.79       9.89 ± 1.58        11.38 ± 1.69
   CNR               18.01 ± 1.98       20.50 ± 2.23       23.68 ± 3.09       27.13 ± 3.93       22.05 ± 2.86
  Fat                                                                                            
   SD                10.33 ± 0.82       8.94 ± 0.80        7.86 ± 0.78        6.87 ± 0.77        8.04 ± 0.99

ASIR = adaptive statistical iterative reconstruction, CNR = contrast-to-noise ratio, SD = standard deviation

###### Image Quality Scores from Study Groups and Control Group

![](kjr-16-1047-i003)

  Groups             Noise         Artifacts     Visibilities of Small Structures   Diagnostic Confidence   Image Quality Score
  ------------------ ------------- ------------- ---------------------------------- ----------------------- ---------------------
  100 kVp 30% ASIR   2.98 ± 0.39   1.28 ± 0.65   2.19 ± 0.40                        1.34 ± 0.64             3.59 ± 0.49
  100 kVp 50% ASIR   2.55 ± 0.50   1.28 ± 0.65   1.89 ± 0.31                        1.28 ± 0.62             4.15 ± 0.60
  100 kVp 70% ASIR   1.87 ± 0.45   1.37 ± 0.67   1.87 ± 0.34                        1.26 ± 0.61             4.53 ± 0.56
  100 kVp 90% ASIR   1.60 ± 0.50   1.87 ± 0.61   2.13 ± 0.34                        1.30 ± 0.62             4.06 ± 0.57
  120 kVp 30% ASIR   1.85 ± 0.44   1.19 ± 0.53   1.79 ± 0.41                        1.28 ± 0.65             4.57 ± 0.56

ASIR = adaptive statistical iterative reconstruction
